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(XURPHPEUDQH&RQIHUHQFH
>3@
7HPSHUDWXUHFRQWUROV\VWHPIRUPHDVXULQJSODQDUOLSLGELOD\HUSURSHUWLHV
3.UDPDU$3RODN'0LNODYþLþ
8QLYHUVLW\RI/MXEOMDQD6ORYHQLD
,QWURGXFWLRQ

(OHFWURSRUDWLRQLVDSKHQRPHQRQGHVFULELQJWKHRFFXUUHQFHRIVWUXFWXUDOFKDQJHVLQELRORJLFDO
PHPEUDQHVDVDFRQVHTXHQFHRIDSSOLHGHOHFWULFSXOVHV>@7KHVHVWUXFWXUDOFKDQJHVDUHPRVW
RIWHQQDPHGSRUHV DQGSUHVHQWDQ LQFUHDVH LQ WKHFHOOPHPEUDQHSHUPHDELOLW\ IRUPROHFXOHV
RWKHUZLVHGHULYHGRIWUDQVPHPEUDQHWUDQVSRUWPHFKDQLVPV(OHFWURSRUDWLRQLVXVHGLQGLIIHUHQW
DSSOLFDWLRQRIELRORJ\PHGLFLQHDQGELRWHFKQRORJ\VXFKDVIRRGSURGXFWLRQDQGSUHVHUYDWLRQ>@
ZDWHU FOHDQLQJ >@ WLVVXH DEODWLRQ >@ HOHFWURFKHPRWKHUDS\ >@ WUDQVGHUPDO GUXJ GHOLYHU\ >@
JHQHWKHUDS\>@FHOOIXVLRQ>@DQGLQVHUWLRQRISURWHLQVLQWRPHPEUDQHV>@

7KHSULQFLSOHVRIKRZSRUHVDUHIRUPHGDQGLQSDUWLFXODUUHODWLRQRIWKHVHSRUHVWRWUDQVSRUWRI
PROHFXOHV DFURVV WKH PHPEUDQH DUH QRW \HW IXOO\ HOXFLGDWHG 5HFHQWO\ VWXGLHV EDVHG RQ D
PROHFXODU G\QDPLF SURYHG WKDW SRUHV DUH IRUPHG LQ D OLSLG ELOD\HU >@ ,W LV EHOLHYHG WKDW WKH
JHQHUDO SLFWXUH RI HOHFWURSRUDWLRQ LV WKH VDPH IRU WKH SODQDU OLSLG ELOD\HU DQG ELRORJLFDO FHOO
PHPEUDQH >@7KHUHIRUH WKH OLSLGELOD\HU LVFRQVLGHUHGDV WKHPRVW LPSRUWDQWSDUWRI WKHFHOO
PHPEUDQHIRUVWXG\LQJSRUHIRUPDWLRQ

7KHSODQDU OLSLGELOD\HU IRUPHGEHWZHHQWZR OLTXLGVROXWLRQVPLPLFVDVPDOO IUDFWLRQRI WKHFHOO
PHPEUDQHDQGLVDFFHVVLEOHIURPERWKVLGHV)URPHOHFWULFDOSRLQWRIYLHZLWLVFRQVLGHUHGDVD
FDSDFLWRUDQGUHVLVWRU LQSDUDOOHOFRQILJXUDWLRQ(OHFWULFDOSURSHUWLHVRISODQDU OLSLGELOD\HUVFDQ
EH PHDVXUHG E\ WZR PHDVXULQJ PHWKRGV YROWDJH FODPS DQG FXUUHQW FODPS ,Q WKH YROWDJH
FODPSPHWKRG D YROWDJH VLJQDO LV DSSOLHG WR WKH SODQDU OLSLG ELOD\HU DQG FXUUHQWZKLFK IORZV
WKURXJK WKHSODQDU OLSLGELOD\HU LVPHDVXUHG ,Q WKHFXUUHQWFODPSPHWKRGDFXUUHQWVLJQDO LV
DSSOLHG WR WKHSODQDU OLSLGELOD\HUDQG WKHYROWDJHDFURVV WKH SODQDU OLSLGELOD\HU LVPHDVXUHG
:KHQVWXG\RIHOHFWURSRUDWLRQLVXQGHUFRQVLGHUDWLRQYROWDJHEUHDNGRZQLVWKHPRVWLPSRUWDQW
SDUDPHWHU>@

7RVWXG\WKHSKHQRPHQRQRIHOHFWURSRUDWLRQDWYDULRXVWHPSHUDWXUHVDQGSURYRNHGE\YDULRXV
HOHFWULFDO VLJQDOV ZH GHYHORSHG D V\VWHP IRU PHDVXULQJ SURSHUWLHV RI SODQDU OLSLG ELOD\HU
PHDVXUHGDWYDULRXVWHPSHUDWXUHV


6\VWHP$UFKLWHFWXUH

7KH V\VWHP LV FRPSRVHGRI D FRQWURO XQLW DQ RXWSXW VWDJH DQ /&5PHWHU SXPSV IRU ILOOLQJ
UHVHUYRLUVDEDWKZLWKWHPSHUDWXUHUHJXODWLRQDQGDPHDVXUHPHQWFKDPEHUZLWKIRXUHOHFWURGHV
)LJXUH
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
 
)LJXUH7KHQHZV\VWHPIRUPHDVXULQJWKHSURSHUWLHVRISODQDUOLSLGELOD\HU2QWKHOHIWLVWKH
EORFNGLDJUDPRIWKHV\VWHP2QWKHULJKWLVWKHSKRWRJUDSK\RIWKHV\VWHP2QWKHOHIWVLGHRI
WKH SKRWRJUDSK\ DUH WZR SXPSV IRU ILOOLQJ UHVHUYRLUV DQG WKH EDWK ZLWK WKH WHPSHUDWXUH
UHJXODWLRQ7KHPHDVXUHPHQWFKDPEHUZLWKIRXUHOHFWURGHVLVLQVHUWHGLQWRWKHEDWK7KHFDEOHV
IURPWKHHOHFWURGHVOHDGWRWKHFRQWUROXQLWZKLFKLVRQWKHULJKWVLGHRIWKHSLFWXUH


7KHFRQWURO XQLW FRQVLVWVRIDQHPEHGGHG3&D FRQWURO FLUFXLW DQDQDORJ WRGLJLWDO FRQYHUWHU
DQGDGLJLWDOWRDQDORJFRQYHUWHU7KHFRQYHUVLRQIURPGLJLWDOWRDQDORJVLJQDOLVPDGHZLWK
ELW UHVROXWLRQ DW 0+] 7KH FRQYHUVLRQ IURP DQDORJ WR GLJLWDO VLJQDO LV PDGH ZLWK ELW
UHVROXWLRQDWN+]7KHGLJLWDOVLJQDOVDUHFRQWUROOHGE\WKHFRQWUROFLUFXLW7KHDQDORJVLJQDOV
DUHWUDQVIHUUHGIURPRXWSXWVWDJH$OODFTXLUHGGDWDDUHVDYHGRQDGLVFDQGFDQEHDFFHVVLEOH
WKURXJK(WKHUQHW

7KHRXWSXWVWDJHLVDFLUFXLWZKLFKFRPELQHVWKHYROWDJHDQGFXUUHQWFODPSPHDVXULQJFLUFXLWV
$WYROWDJHFODPSPHWKRG WKHRXWSXWYROWDJHUDQJH LVEHWZHHQ9DQG9ZLWKDFFXUDF\
P9WKHPHDVXUHGFXUUHQWKDVDUDQJHIURP$WR$ZLWKDFFXUDF\$$WFXUUHQW
FODPSPHWKRG WKHRXWSXW FXUUHQW UDQJH LVEHWZHHQ $DQG$ZLWKDFFXUDF\$
WKHPHDVXUHGYROWDJHKDVUDQJHIURP9WR9ZLWKDFFXUDF\P97KHFDSDFLWDQFHRI
SODQDUOLSLGELOD\HUFDQEHPHDVXUHGDOVRE\$JLOHQW/&5PHWHU$

7KHPHDVXUHPHQWFKDPEHULVPDGHRI7HIORQIURPWZRFXEHGUHVHUYRLUVZKLFKDUHFRQQHFWHG
ZLWKD URXQGKROHRI WKHGLDPHWHURIPP%HWZHHQ WZRUHVHUYRLUV LVDPWKLQ7HIORQ
VKHHWZLWKURXQGDSHUWXUHRIDSSUR[LPDWHO\PGLDPHWHU(DFKUHVHUYRLULVILOOHGZLWKOLTXLG
VROXWLRQE\V\ULQJHVWKDWDUHFODPSHGWRDFWXDWRUV$ODGLQ:RUOG3UHFLVLRQ,QVWUXPHQWV
)RXU HOHFWURGHV PDGH IURP $J$J&O ( ,90 86$ ZHUH LPPHUVHG LQWR UHVHUYRLUV 7KH
PHDVXUHPHQW FKDPEHU LV LQVHUWHG LQ WKH WHPSHUDWXUH UHJXODWHG EDWK7KH WHPSHUDWXUH RI WKH
SODQDUOLSLGELOD\HUFDQEHUHJXODWHGEHWZHHQ&DQG&ZLWKDFFXUDF\RI&


6\VWHPHYDOXDWLRQ

7KH V\VWHP IRU PHDVXULQJ SODQDU OLSLG ELOD\HU SURSHUWLHV ZDV HYDOXDWHG XVLQJ IUHTXHQF\
FKDUDFWHULVWLF RI RXWSXW VWDJH DQG FRPSDULVRQ RI YROWDJH DQG FXUUHQW FODPS PHDVXUHPHQW
PHWKRGV /LSLGVZHUH SUHSDUHG IURP/HFLWKLQ )/8.$$QDO\WLFDO*HUPDQ\ZKLFKZHUH
GLVVROYHG LQ VROXWLRQ RI KH[DQH DQG HWKDQRO LQ UDWLR  7KH PL[WXUH RI KH[DGHFDQH DQG
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SHQWDQHLQUDWLRZDVXVHGIRUWRUXVIRUPLQJ7KHOLTXLGVROXWLRQZDVSUHSDUHGRI0.&O
DQG0+HSHVLQWKHVDPHSURSRUWLRQ1D2+ZDVDGGHGWRREWDLQS+

(YDOXDWLRQ RI WKH RXWSXW VWDJHKDV VKRZQ WKDW YROWDJH FODPS FLUFXLW FXWRII IUHTXHQF\ LV 
N+]DQGFXUUHQWFODPSPHWKRGVFXWRII IUHTXHQF\ LVN+]7KHIUHTXHQF\FKDUDFWHULVWLFVIRU
YROWDJHDQGFXUUHQWFODPSPHWKRGDUHVKRZQLQ)LJXUH


)LJXUH  )UHTXHQF\ FKDUDFWHULVWLFV IRU WKH YROWDJH DQG FXUUHQW FODPS FLUFXLWV 7KH JDLQ DQG
SKDVHIRUERWKFLUFXLWVDUHVKRZQIRUIUHTXHQFLHVIURP+]WRN+]

9ROWDJH DQG FXUUHQW FODPSPHWKRGV XVHG WRPHDVXUH SODQDU OLSLG ELOD\HU EUHDNGRZQ YROWDJH
ZHUHWHVWHGRQ/HFLWKLQSODQDUOLSLGELOD\HUVDWWHPSHUDWXUH&$WYROWDJHFODPSPHWKRGZH
XVHG OLQHDU ULVLQJ YROWDJH ZLWK VORSH 9V $W FXUUHQW FODPSPHWKRG ZH XVHG OLQHDU ULVLQJ
FXUUHQWZLWKVORSH$V7KHEUHDNGRZQYROWDJHGHWHFWHGXVLQJYROWDJHFODPSPHWKRGZDV
P9 7KH EUHDNGRZQ YROWDJH PHDVXUHG XVLQJ FXUUHQW FODPS PHWKRG ZDV
P9)LQDOO\WKHEUHDNGRZQYROWDJHVREWDLQHGE\WKHWZRPHWKRGVZHUHFRPSDUHG
)RUDOOSODQDUOLSLGELOD\HUVIRUPHGFDSDFLWDQFHVZHUH)FP


&RQFOXVLRQ

:HGHYHORSHGWKHV\VWHPIRUIRUPDWLRQRISODQDUOLSLGELOD\HUVDQGPHDVXUHPHQWVRISODQDUOLSLG
ELOD\HUSURSHUWLHV7KHV\VWHPDOORZV WKH IRUPDWLRQRISODQDU OLSLGELOD\HUVE\ IROGLQJPHWKRG
7KH EUHDNGRZQ YROWDJH FDQ EH GHWHUPLQHG E\ WKH YROWDJH DQG FXUUHQW FODPS PHWKRGV
3UHOLPLQDU\UHVXOWVSHUIRUPHGXVLQJWKLVV\VWHPIRUPHDVXUHPHQW WKHSURSHUWLHVRISODQDU OLSLG
ELOD\HUFRQILUPWKDWWKHPHDVXULQJV\VWHPSUHVHQWHGDOORZVEURDGVSHFWUHRIPHDVXUHPHQWV,Q
SDUWLFXODU WKH WHPSHUDWXUH UHJXODWLRQ FDQ JLYH QHZ LQVLJKWV LQ SODQDU OLSLG ELOD\HUV
HOHFWURSRUDWLRQVWXGLHV


$FNQRZOHGJHPHQWV
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7KLVZRUNZDVVXSSRUWHGE\WKH6ORYHQLDQ5HVHDUFK$JHQF\7KHUHVHDUFKZDVFRQGXFWHG LQ
WKHVFRSHRIWKH(%$0(XURSHDQ$VVRFLDWHG/DERUDWRU\/($
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